Animal studies have shown an exponential increase in the risk of Borrelia burgdorferi infection after 48-72 h of deer tick attachment. Persons with tick bites were prospectively studied to determine if those with prolonged tick attachment constitute a high-risk group for infection. Ticks were identified, measured for engorgement, and assayed by polymerase chain reaction (PCR) for B. burgdorferi DNA. Duration of attachment was determined from the scutal index of engorgement. Of 316 submissions, 229 were deer ticks; 14% were positive by PCR. Paired sera and an intact tick for determination of duration of attachment were available for 105 subjects (109 bites). There were 4 human cases (3.7% of bites) of B. burgdorferi infection. The incidence was significantly higher for duration of attachment §72 h than for õ72 h: 3 (20%) of 15 vs. 1 (1.1%) of 94 (P Å .008; odds ratio, 23.3; 95% confidence interval, 2.2-242). PCR was an unreliable predictor of infection. Tick identification and measurement of engorgement can be used to identify a small, high-risk subset of persons who may benefit from antibiotic prophylaxis.
Lyme disease results from Borrelia burgdorferi infection, treatment [3] . Cost-effectiveness analysis has been used in an attempt to determine risk cutoffs for empirical treatment of which is acquired after the bite of an Ixodes tick, chiefly Ixodes scapularis in the United States. Although symptomatic infecpersons bitten by a deer tick [4] . It was concluded that a strategy of treating all persons was indicated in areas where the probation most commonly presents as the skin lesion erythema migrans, dissemination to other organs may occur hematogebility of infection was §3.6%. However, precise data on local incidence of infection following a tick bite are lacking, and the nously. Because such organ involvement can be associated with severe and occasionally persistent disease, consideration practice of administering prophylactic therapy remains controversial [5] . We sought to prospectively measure the incidence is often given to the administration of antibiotic prophylaxis following a bite.
of B. burgdorferi infection in untreated patients with a proven I. scapularis bite in an area in which Lyme disease is endemic The incidence of infection following an individual tick bite is low (1.2%-3%), even in areas in which Lyme disease is and to identify a high-risk group for which prophylaxis may be indicated. endemic [1] [2] [3] . Moreover, treatment of symptomatic disease is effective. The decision to use prophylaxis must therefore
The duration of attachment of the tick is thought to be an take into consideration the risk of adverse effects of the antibiimportant variable that influences the risk of infection [4, otic used, such as photosensitivity with tetracyclines, the grow-6]. The spirochete resides and replicates in the midgut of ing risk of antibiotic-resistant bacteria in the community, and the tick, and there is a delay between the onset of feeding the absence of a clear demonstration of efficacy of prophylactic and the appearance of infectious spirochetes in the tick saliva. Data from tick-feeding animal models indicate an exponential increase in spirochete transmission after 48 -72 h of attachment [6, 7] . The duration of attachment can be calcu-infection in humans. of tick bite can be seen in figure 1. Female and nymphal I. other I. scapularis bites, the risk was higher (25% vs. 2.9%), [9] . Separate exponential regression equations for nymphs and but this was not statistically significant (P Å .14; OR, 11.3; females were used to calculate duration of attachment in hours 95% CI, 0.9-143.5). When data for female and nymph bites from the scutal index value for each tick. Ticks were divided into were combined, the incidence was significantly different be- Two nymphal ticks with duration of attachment §72 h were extraction of tick guts, ether washing, and ethanol precipitation.
PCR-positive and both bites resulted in infection (positive pre-
The nested primer protocol was adapted to a one-tube format, dictive value of a PCR-positive nymph with duration of attachwhich minimizes amplicon contamination, and all sentinel control reactions were negative.
ment §72 h Å 100%). In contrast, both female ticks that Statistical methods. Odds ratios and significance of differences resulted in infection were PCR-negative.
between proportions were calculated by standard methods (Instat Although paired sera were not available for 106 subjects, none statistical package).
developed erythema migrans. Thus, with 225 subjects as the denominator, the incidence of infection was 1.8%, if additional possible asymptomatic seroconversions are excluded.
Results
Accuracy of history for duration of attachment. Only 94 subjects (49% of those who submitted an intact tick) could Ticks. Three hundred sixteen specimens were submitted by 312 persons who reported a tick bite in the preceding 72 h; estimate the duration of attachment within a 24-h range. This duration of attachment by history had a poor correlation with 303 were ticks. Two hundred twenty-nine (75.6%) were I. scapularis Discussion species, stage, and sex, measurement of the scutal index for degree of engorgement, and an assay for presence of B. burgIn this study, rigorous criteria for evidence of B. burgdorferi dorferi in the tick. On the basis of our results, the probability infection following a tick bite were used-physician-observed of infection by the type of tick bite may be used to decide on erythema migrans or asymptomatic seroconversion based on a course of action. As availability and cost of tick analysis are meeting criteria for a positive IgG immunoblot [11] at 4-6 limiting factors, we need to decide which tests are most helpful. weeks, by which time a switch from IgM to IgG antibody Clearly, examination of the specimen to identify non-ticks and occurs in almost all infected persons. The prevalence of B.
ticks other than deer ticks simplifies the management and reburgdorferi infection was between 1.8% and 3.7%, depending assures the patient. Non-deer tick specimens were 27.5% of on the population used as the denominator. This is consistent submissions in our study. The identification protocol also aswith the 1.2%-3% noted in previous studies in areas in which signs the stage and sex of the tick. Nymphal and female I. Lyme disease is endemic [1] [2] [3] . However, in these studies the scapularis are known to be associated with a higher risk than duration of attachment was not assessed.
other I. scapularis stages [13] . Measurement of the degree of In the present study, increased duration of attachment beyond engorgement allows calculation of the duration of attachment, 72 h increased the odds of infection considerably, to 18% for which identified the subgroups at highest risk for infection in a nymphal bite and 25% for a female bite. Whereas most our study, namely nymphal and female I. scapularis with duraexperts would not consider a risk of up to 3.7% as high enough tion of attachment §72 h (18% and 25%, respectively). Howto justify prophylaxis for all persons bitten, an upward revision ever, a PCR assay for spirochetes in the tick did not accurately of the probability of infection to 18%-25% in an individual predict the occurrence of infection in the person. This was patient may warrant the consideration of prophylaxis for that presumably due to inhibition of the reaction in some ticks, as patient. An accurate assessment of the duration of attachment the Taq polymerase used in the assay is subject to inhibition would require measurement of the degree of engorgement, as by blood and perhaps other biologic substances in the tick. many patients are unable to report an accurate duration.
On the basis of the findings from this prospective study, we Therefore, the question posed commonly by the patient:
propose tick identification and measurement, without PCR, to ''Should I have the tick analyzed?'' is a pertinent one. Tick identify a reasonable subset of candidates for antibiotic prophylaxis. The high-risk subset consists of persons with nymphal analysis may include any of several tests: identification of the 
